Objectives: Among emergency physicians, there is wide variation in admitting practices for patients who suffered a mild traumatic brain injury (TBI) with an intracranial hemorrhage (ICH). The purpose of this study was to evaluate the effects of implementing a protocol in the emergency department (ED) observation unit for patients with mild TBI and ICH.
propensity score method limits our ability to create a straightforward predictive model, a future larger study should validate the results.
A mong emergency physicians, there is wide variation in admitting practices for patients with mild traumatic brain injury (TBI), defined as Glasgow Coma Scale (GCS) 13-15 1 with computed tomography (CT) evidence of an intracranial hemorrhage (ICH). 2, 3 Physicians have little data to assist in determining the most appropriate disposition from the emergency department (ED).
Due to the potential for poor outcomes in this patient population, 4 emergency physicians often admit patients with mild TBI with isolated ICH. However, there is wide distribution in disposition among hospitals in the United States. 3, 4 An analysis of the National Trauma Data Bank showed that among patients with isolated mild TBI and ICH, 1.6% were admitted to an observation unit, 26.4% were admitted to a floor bed, 10.5% were admitted to an intermediate care unit, and 57.5% were admitted to an intensive care unit (ICU). 3 This distribution in admitting practice is most likely due to prognostic uncertainty in this population.
Not every patient with mild TBI with evidence of intracranial bleed requires intensive inpatient resources. 5 Safely matching patient needs with the appropriate level of care can reduce waste and unnecessary costs. While some studies have examined who may or may not need the ICU, few published studies have specifically addressed patients with a traumatic ICH in the ED observation unit (EDOU). 2, [6] [7] [8] [9] Therefore, the purpose of this study was to evaluate outcomes before and after implementation of a low-risk traumatic ICH observation protocol in an academic ED/EDOU setting.
METHODS

Study Design and Setting
This Health Insurance Portability and Accountability Act-compliant, retrospective cohort study was approved by the study site's institutional review board. It was performed at an urban, 999-bed quaternary care academic Level I trauma center with an Accreditation Council for Graduate Medical Education-accredited emergency medicine residency that conducts approximately 111,000 annual visits. The ED has dedicated EDOU capacity composed of 32 beds staffed by both nurse practitioners and physician assistants with emergency physician supervision. For patients with nonoperative traumatic ICH, emergency physicians decide the disposition in consultation with neurosurgeons, which may include discharge, placement in the EDOU, admission to the floor, or admission to the ICU. If a patient requires an inpatient admission, the neurosurgery, trauma surgery, and neurology services admit patients on a scheduled rotation.
Intervention
On February 1, 2016, the ED created and instituted a low-risk traumatic ICH EDOU protocol. Once buy-in was established by the respective departmental or division chiefs, a multidisciplinary committee composed of emergency physicians, a neurosurgeon, an acute care surgeon, a neurologist, emergency nurses, and EDOU nurses developed the protocol after reviewing the literature. The process involved two multidisciplinary meetings and a number of follow-up e-mail exchanges that led to the creation of a protocol. The protocol was announced via e-mail and posted on the internal ED website. In addition, we educated clinicians, which included emergency attendings, emergency residents, physician assistants, and nurse practitioners, during their respective conferences about the protocol 1 month prior to the start date.
The protocol can be found in Figures 1 and 2 . Eligibility criteria included patients ≥ 18 years of age who suffered a mild TBI (GCS 13-15) and were found to have an acute traumatic ICH. Patients were placed in the EDOU with neurosurgical consultation. Patients considered ineligible for the EDOU included those with alcohol withdrawal risk, psychiatric instability, spontaneous ICH, additional traumatic injuries requiring admission to the hospital, medically complex needs deemed by emergency physician, epidural hematoma, cerebellar hemorrhage, subdural hemorrhage (SDH) ≥ 1cm, intraparenchymal hemorrhage (IPH) with mass effect or midline shift, depressed skull fracture, posttraumatic seizure, anticoagulation, and platelet count < 100 9 10 9 /L.
Cohort Identification and Data Collection
Using our ED reporting system, we searched for patients who were placed in the EDOU during the 1-year periods before and after implementation of the protocol (between February 1, 2015, and January 31, 2017) with an International Classification of Diseases (ICD) code related to the diagnosis of an ICH (ICD-9 of 850 to 853 and ICD-10 of S06.3-S06.6). Two trained blinded abstractors (emergency medicine residents) then reviewed each patient's electronic medical record and using a standardized data collection sheet recorded age, sex, initial ED GCS, presence of neurologic deficit (motor or sensory), anticoagulation use, /L (before or after platelet transfusion) Figure 1 . EDOU protocol inclusion and exclusion criteria. EDOU = ED observation unit; ICH = .intracranial hemorrhage; INR = international normalized ratio; GCS = Glasgow Coma Scale; TBI = traumatic brain injury.
In the ED:
-Complete trauma/medical workup and treatment -Start seizure prophylaxis in consultation with Neurosurgery -If patient has been neurologically stable for at least 4 hours, consider placement to the EDOU -Routine repeat head CT scans, in the absence of neurologic changes, are typically not indicated or necessary prior to disposition decision. However, there may be some cases in which such testing is valuable, and such cases should be addressed in consultation with Neurosurgery
In the EDOU:
-Consider continuous telemetry for 6-24 hours -Neurologic reassessments every 2 hours for 6 hours and then every 4 hours afterwards 
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Outcome Measures
Our composite endpoint was worsening repeat CT scan (appearance of new ICH, any increase in size of prior ICH, or increased shift) and admission from the EDOU to the floor, ICU, or operating room. Our secondary outcome was EDOU length of stay (LOS) defined as time from arrival to the EDOU to time of departure from the EDOU.
Data Analysis
Patient characteristics were summarized using descriptive statistical methods. Inter-rater agreement for the presence of neurologic deficit was assessed with kappa statistic. To measure kappa, the abstractors independently collected data for presence of neuro deficit from a 10% random sample of the medical charts. We included nontraumatic ICHs in the analysis to be conservative, since it can sometimes be difficult to differentiate a traumatic from a nontraumatic ICH. The composite endpoint was compared before and after implementation of the protocol. We calculated propensity scores to determine the probability of placement in the EDOU before and after protocol implementation. 11 The propensity score method adjusted for the following covariates: age, sex, GCS score and presence of neurologic deficit, other traumatic findings, antiplatelet agent, anticoagulation agent, SAH, IPH, or SDH. Covariates were chosen based on prior studies and its possible relation to the treatment decision and outcome. 3, [12] [13] [14] [15] [16] As recommended, all covariates remained in the model regardless of statistical significance. 17 The propensity scores were used as a covariate in a final multivariate logistic regression model to assess the effects of the EDOU protocol on the composite outcome. In terms of comparing EDOU LOS before and after implementation, as EDOU LOS was not normally distributed, it was log transformed and a linear regression model, incorporating the propensity score as a covariate, was used to determine whether there was a difference in LOS before and after protocol implementation. A p-value < 0.05 was considered significant. We used SAS 9.4 for all analyses.
RESULTS
Study Population
A total of 379 patients were identified during the study period; 83 were excluded as they were found to have no ICH on chart review. Inter-rater reliability kappa statistic was 0.63 (95% confidence interval [CI] = 0.62-0.64) for 30 charts. Characteristics of the Data are reported as mean (AESD) or number (%), unless otherwise reported. *Patients can have more than one CT finding.
296 patients who remained eligible and comprised the study population (143 before protocol, 153 after protocol) are presented in Table 1 .
Patient Outcomes
In multivariable regression modeling using propensity score as a covariate, the EDOU protocol was associated with an independently statistically significant decreased adjusted odds ratio (AOR) for admission or worsening ICH on repeat CT scan (AOR = 0.45, 95% CI = 0.25-0.82, p = 0.009). After a stay in the EDOU, 37/143 (26%) patients required an inpatient admission before implementation of the protocol and 20/153 (13%) patients required an inpatient admission after protocol implementation. Additional patient dispositions are presented in Figure 3 . The median patient EDOU LOS before and after protocol implementation were 20 (interquartile range [IQR] 15) and 18.1 (IQR = 12.1) hours, respectively. There was no statistically significant difference in log-transformed EDOU LOS between the groups after adjusting for propensity score (p = 0.34). In addition, before protocol implementation, 124 (86%) patients received a repeat head CT. After protocol implementation, only 95 (62%) received a repeat head CT.
DISCUSSION
Our study's goal was to evaluate the pre-post effects of implementing a protocol on the composite outcome of admission to the floor, ICU, or operating room from the EDOU and the proportion of patients with worsening findings on repeat CT head scan in the EDOU. In our Level I trauma center, our protocol was independently associated with a lower OR of admission or worsening ICH on repeat CT scan in the EDOU. Our findings provide evidence that for the appropriate patient with mild TBI and ICH, a protocol-driven EDOU stay may be a feasible alternative to inpatient admission.
First, while other studies have shown a protocol-driven EDOU can reduce inpatient admissions and as a result decrease costs and LOS, 18, 19 our study shows that a protocol implemented in the EDOU can reduce the rate of inpatient admissions from the EDOU. A protocol helps reduce variation by providing physicians guidance on who is appropriate for the EDOU. In addition, it is easier for physicians to efficiently care for patients as they can refer to the protocol. Implementation of a protocol was associated with decreasing the AOR of an inpatient admission or placing patients with worsening ICH on repeat CT scan in the EDOU. We also found after the implementation of an EDOU protocol, fewer patients received repeat head CTs. Protocol-driven observation units have been associated with reduced cost, lower LOS, and lower inpatient admission rates. 20 Second, these findings highlight a potential opportunity to safely reduce inpatient admissions using the observation unit. Of note, had the protocol had been in place for the preprotocol cohort, 20% of the patients would not have been eligible. After implementation of the protocol, we found that 19% of patients should not have been eligible for the protocol. In real-world clinical practice, it is similarly unlikely that there would be 100% success rate in terms of application of the inclusion and exclusion criteria of a protocol. Thus, we included all these patients in our results to acknowledge the realities of under-/ overtriage to an EDOU. A mild TBI with ICH protocol targeting patients who are low risk for deterioration and subsequent admission could be used to decrease hospital resource utilization. 2, 4, [6] [7] [8] [9] 13, 14, [21] [22] [23] [24] Fabbri et al. 14 has shown that an observation protocol for mild to moderate traumatic ICH is feasible at a community hospital with close proximity to a trauma center and easy access to neurosurgeons through telemedicine. Joseph et al. 16 at a Level I trauma center developed and implemented a TBI protocol for acute care surgeons to care for patients with a small traumatic ICH.
LIMITATIONS
This study has several limitations. It used a pre-and postintervention study design, which limits our ability to control for secular trends. Second, while we incorporated covariates to our propensity score analysis based on prior studies, as this was an observational study, there still may be unmeasured confounders. Finally, the propensity score method as opposed to traditional covariate adjustment does not allow us to create a straightforward at the bedside predictive model. Future larger studies should create a predictive model.
CONCLUSIONS
After implementing a low-risk mild traumatic brain injury and intracranial hemorrhage ED observation protocol, there was a decrease in the rate of inpatient admissions and the proportion of worsening intracranial hemorrhage on repeat computed tomography from the ED observation unit. While there was no difference in ED observation unit length of stay, a protocol may help reduce variations in indication and provide physicians guidance on the appropriate type of patients to place in the observation unit.
